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Medication errors and adverse drug events are a key concern of the healthcare industry. This study maps 
the intellectual structure of the studies of medication errors and adverse drug events, and investigates 
the development path of this literature and inter-relationships among the main topics. We searched the 
Web of Science database collection and obtained 789 relevant articles published from 1965 to 2011. Cited 
references were also profiled and analyzed using the methods of co-citation, factor analysis and social 
network analysis. The results show that the literature on medication errors focused on three key themes 
between 1965 and 2011 that included namely adverse events and human errors, computerized physician 
order entry systems, and medication errors in pediatric hospitals. The adverse drug events literature 
published between 1987 and 2011 focused on adverse drug events and prevention, adverse drug events 
in outpatients, and adverse drug events in hospitalized patients. This study also found the following 
development path for the adverse drug events literature: detection, analysis, effect, prevention, and from 
an adult inpatient to pediatric inpatient setting, and from hospitalized care to ambulatory care. This paper 
introduces researchers to profile key themes and their relationships, which can help both academics and 
practitioners in the healthcare industry to improve patient safety. 
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INTRODUCTION 
 
Adverse events constitute a serious problem with grave 
consequences (IOM, 2000). The systematic review of 
literature found that adverse events during hospital 
admission affect nearly one in 10 patients, and that a 
large proportion of the in-hospital events are drug-related 
(de Vries et al., 2008).  Furthermore,  the  drug-related  
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problems are associated with increased costs for 
treatment, in particular medication errors and adverse 
drug events (ADEs) (Krahenbuhl-Melcher et al., 2007). 
Since Bates et al. (1995) explored the relationship 
between medication errors with ADEs, this issue has 
received extensive attention in a variety of clinical 
populations. Recent studies found ADEs are common in 
both inpatient (Cano and Rozenfeld, 2009) and outpatient 
care (Tache et al., 2011), and the issue of proper 
medication use and safety is a key global public health 
concern (Patel and Balkrishnan, 2010). It is indicated that  



 
 
 
 
medication errors and ADEs are an important issue 
worthy of further study. 

A brief examination of related articles makes it clear that 
both the practice and study of medication errors and 
ADEs have seen a surge in interest in recent years, and 
many scholars (Ghaleb et al., 2006; Krahenbuhl-Melcher 
et al., 2007; Ammenwerth et al., 2008; Cano and 
Rozenfeld, 2009; Tache et al., 2011) have undertaken 
systematic reviews the related literature. But they do not 
provide details of research trends, or the important topics 
and their relationships to medication errors and ADEs. 
The current study employs bibliometrics to identify the 
most influential publications to draw a development path 
of this literature, and uses social network analysis to mine 
its intellectual structure to explore the invisible knowledge 
nodes that have made the most significant contributions, 
and their possible evolutionary patterns. This work 
introduces a new approach to profiling key themes and 
their relationships that can help academics and 
practitioners in the healthcare industry to improve patient 
safety. 
 
 
METHODS 
 
Data Sources 
 
Data from the Web of Science (WOS), which comprises 
three citation databases, include 1945 for the Science 
Citation Index (SCI), 1956 for the Social Sciences Citation 
Index (SSCI), and 1975 for the Arts and Humanities 
Citation Index (AHCI). The WOS has standard tool used 
by most citation studies worldwide, and it’s more detailed 
citation analysis than with other databases (Falagas et al., 
2008). This website provides substantial factual 
information about these databases, including record 
numbers and lists of indexed journals. It also offers 
powerful browsing, searching, sorting and saving 
functions, and allows data to be exported to citation 
management software. Therefore, the results reported in 
this study are not limited to any specific field or area. 
 
 
Search Strategy 
 
Two search strategies, the journal and key term 
approaches, have long been used to build citation and 
co-citation analysis databases. As medication errors and 
ADEs do not have any specific journals listed in the WOS 
database, it is not possible to focus an examination only 
on articles in specific publications, and thus this study 
searched title key words in the online WOS. Figure 1 
shows that research into medication errors began before 
that into ADEs, and that study of both topics has grown 
dramatically since 1995. Our search within this time frame, 
from 1965 to 2011, identified a total of 1,519 documents, 
including 789 journal articles or review articles. 
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Bibliometrics 
 
The term bibliometrics refers to the mathematical and 
statistical analyses of patterns that appear in document 
publication and usage. Bibliometric methods are used to 
identify topically related core documents and core 
document groupings. Bibliometric approaches can be 
divided into those that adopt direct citation and co-citation 
/ bibliographic coupling (Schneider and Borlund, 2004). 
Citation analyses are based on the premise that authors 
cite documents they consider important to advance their 
research. Therefore, frequently cited articles are likely to 
exert a greater influence on the discipline than less 
frequently cited ones. Similarly, co-citation analyses are 
based on how often two publications are cited together, on 
the principle that the more researchers cite the same two 
publications, the greater the probability that the double 
citation is not a chance event but rather expresses a 
significant relationship between them. The co-citation 
analysis is the dominant method for the empirical study of 
scientific communication structures (Gmur, 2003). 
Documents and authors are the most commonly used 
units in such analyses, with each presenting a different 
facet of a domain and enabling different analyses. 
Documents are preferred as the units for analysis when 
visualizing knowledge domain topical structures (Wallin, 
2005). This study thus selects the highly cited articles 
(times cited, data drawn from the WOS in August 1

st
, 2012) 

to identify the development path of the medication errors 
and ADEs literature, and examines highly cited references 
to build a co-citation matrix using the WOS cited reference 
database. 
 
 
Social Network Analysis 
 
Originating in sociology, social network analysis (SNA) 
has become increasingly popular over the past few 
decades (Borgatti et al., 2009). SNA allows the study of 
communication networks using a theoretical approach, 
and family of statistical techniques to study social 
structures and map relationships among individuals within 
social networks. While these individuals are most often 
persons, they may also be groups, organizations, 
nation-states, websites, or citations between scholarly 
publications (Butts, 2008). In the study of scientific 
communications, bibliographic coupling can be used to 
investigate and render visible the relationships among 
articles using the coupling of elements in bibliographic 
records. Coupling strength is measured as the number of 
coupling units between two records. Ucinet 6.0 for 
Windows is used for the factor analysis and SNA, based 
on the following four steps: (1) compile the raw co-citation 
matrix; (2) convert the data matrix into a correlation matrix; 
(3) execute similarity and factor analyses; and (4) run a 
visualization program to draw a network map with 
multidimensional scaling (MDS).  Key  nodes  in  the  
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Figure 1. Time distribution of article for medication errors and adverse drug event 

 
 

 
 

Figure 2. Development path of highly cited paper for medication errors 

 
 
 
invisible network of knowledge in the medication errors 
and ADEs literature can thus be identified, and the related 
structures developed. 
 
 
RESULTS 
 
Medication Errors Studies 
 
This study retrieved a total of 468 journal and review 

articles on medication errors from the WOS, with the 
earliest article being published in 1965. We selected six 
highly cited articles (times cited from WOS ≧ 200), 

arranged them according to publication year, and then 
drew the citation map of the connections among them. 
Figure 2 shows the earliest highly cited article is “Folli HL” 
from 1987, which found that involving pharmacists in 
reviewing drug orders significantly reduced the potential 
harm resulting from errant medication orders. The next 
study is “Bates DW” which reported that computerized  
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Figure 3. Co-citation network of cited references for medication errors in 1965-2011 

 
 
 
physician order entry (CPOE) decreased the rate of 
non-intercepted serious medication errors in 1998, and 
decreased the rate of non-missed-dose medication errors 
in 1999. Furthermore, in 2005 “Koppel R” found that a 
leading CPOE system often increased prescription error 
risks. In addition, this figure also shows that “Bates DW” is 
the core article linking medication errors and ADEs in 
adult inpatients in 1995, and “Kaushal R” further 
investigated the relationship between medication errors 
and ADEs in pediatric inpatients in 2001. 

This study obtained the top 30 cited references (citation 
frequency > 20) in 1965-2011 based on the total number 
of citations of studies related to medication errors, and 
then tabulated the co-citation matrix of the correlation, 
which was factor analyzed using principal components 
and varimax rotation. Five factors were extracted from the 
data, which together explained over 89% of correlation 
matrix variance. The top three factors (eigenvalues > 2), 
including 15 highly cited references, were then adopted, 
and a visualization program was run to draw a network 
map with MDS (co-citation frequency > 20). We tentatively 
assigned names to the factors on the basis of our own 
interpretation of the articles with strongly associated 
loadings (factor loading > .5). Figure 3 shows the three 
main topics, and provides a clear picture of the 
phenomenon of article clustering. The different colors of 
the nodes reflect a factor analysis of the references, red 
represents “adverse events and human errors” 
(eigenvalues = 17.607; variance explained = 57.9%), 
yellow represents “computerized physician order entry 
systems” (eigenvalues = 3.955; variance explained = 

13.0%), and blue represents “medication errors in 
pediatric hospitals” (eigenvalues = 2.879; variance 
explained = 9.5%). 
 
 
ADEs Studies 
 
We retrieved a total of 321 journal or review articles for 
ADEs from the WOS, with the earliest article being 
published in 1987. We selected nine highly cited articles 
(times cited from WOS ≧ 400), and arranged them 

according to publication year, and then drew a citation 
map of the relationships among them. Figure 4 clearly 
shows the development path of the ADEs literature based 
on these highly cited articles. In the first stage, “Classen 
DC” developed a new method with a computerized 
information system to improve the detection and 
characterization of ADEs in hospital patients in 1991. In 
the second stage, “Bates DW” and “Leape LL” analyzed 
the incidence and preventability of ADEs and potential 
ADEs in 1995. In the third stage, “Classen DC” and “Bates 
DW” assessed the negative effects of ADEs in 1997, such 
as excess length of stay, extra costs, and mortality among 
hospitalized patients. In the fourth stage, in 1999 “Leape 
LL” began to examine whether pharmacist participation at 
the time of drug prescription reduces ADEs. In 2001, 
“Kaushal R” further investigated the relationship between 
medication errors and ADEs in pediatric inpatients. Finally, 
“Gandhi TK” and “Gurwitz JH” conducted a study to 
determine the rates, types, severity, and preventability of 
ADEs among outpatients in 2003. 
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Figure 4. Development path of highly cited paper for adverse drug events 

 
 

 
 

Figure 5. Co-citation network of cited references for adverse drug events in 1987-2011 

 
 
 
We obtained the top 30 cited references (citation 

frequency > 18) in 1987-2011 based on the total number 
of citations of studies related to ADEs, and then adopted 
the same analytical method as presented above to 
conduct factor analysis. Five factors were extracted from 
the data, which together explained over 89% of correlation 

matrix variance. Next, we used the 22 most highly cited 
references from the top three factors (eigenvalues > 2), 
and then adopted the same analytical method as 
explained above to draw a network map. The resulting 
clustering is shown in Figure 5, and we tentatively 
assigned names to the factors on the basis of our own  
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Figure 6. Co-citation network of cited references for medication errors and adverse drug events 

 
 
 
interpretation of the articles with strongly associated 
loadings (factor loading > .5). Different node colors are 
based on article factor analyses, with red cited references 
focused on “adverse drug events and prevention” 
(eigenvalues = 17.342; variance explained = 56.8%), 
yellow cited references focused on “adverse drug events 
in outpatients” (eigenvalues = 4.182; variance explained = 
13.7%), and blue cited references focused on “adverse 
drug events in hospitalized patients” (eigenvalues = 2.502; 
variance explained = 8.2%). 
 
 
Medication Errors and ADEs Studies 
 
We combined the medication errors and ADEs databases 
and removed 22 duplicate articles, giving a total of 767 
journal and review articles from the WOS. We obtained 
the top 29 cited references (citation frequency > 39) 
based on total citation number, and then adopted the 
same analytical method as presented above to conduct 
factor analysis. Five factors were extracted from the data, 
which together explained over 89% of correlation matrix 
variance. Furthermore, we used the 23 most highly cited 

references from the top three factors (eigenvalues > 2), 
and then adopted the same analytical method as 
described above to draw a network map. The resulting 
clustering is shown in Figure 6, with the red cited 
references being about “adverse drug events and 
prevention” (eigenvalues = 17.183; variance explained = 
58.6%) from the first factor of ADEs, yellow cited 
references being about “computerized physician order 
entry system” (eigenvalues = 3.736; variance explained = 
12.7%) from the second factor of medication errors, and 
blue cited references being about “medication errors and 
adverse drug events in hospitalized patients” (eigenvalues 
= 2.447; variance explained = 8.3%) from the third factor 
of medication errors and ADEs. 
 
 
DISCUSSION 
 
Medication Errors Study 
 
A medication error is a failure in the drug treatment 
process that leads to, or has the potential to lead to, harm 
to the patient (Aronson, 2009). All stages  of  the  drug  
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delivery process (i.e. prescribing, transcribing, dispensing 
and administration) are susceptible to error. In spite of, 
many scholars believed that medication errors are 
common among adult inpatients (Bates et al., 1995) and 
pediatric inpatients (Kaushal et al., 2001). However, there 
are inconsistencies in the literature regarding the 
definition of medication errors based on a systematic 
review of 45 studies (Lisby et al., 2010). Therefore, the 
use of a clear definition and standardized terminology has 
the potential to greatly improve the consistency of 
medication error reporting. 

Medication errors are considered to be a serious threat 
to patient safety, and efforts to prevent these errors have 
increased considerably with the growth in related studies. 
Many scholars (Bates et al., 1998; Bates et al., 1999; 
Koppel et al., 2005) indicated that CPOE systems can 
decrease the rate of medication errors. Furthermore, in 
addition to CPOE, the use of clinical decision support 
systems can also reduce medication error rates 
substantially (Kaushal et al., 2003). Therefore, it can be 
expected that information technology will continue to be 
developed in order to increase patient safety. 

In addition to studies on CPOE, the role that clinical 
pharmacists have in preventing medication errors has 
also received considerable attention. Past research have 
found that involving pharmacists in reviewing drug orders 
significantly reduces the potential harm resulting from 
incorrect medication orders (Folli et al., 1987), and getting 
pharmacists to assess medication charts is very effective 
way of identifying medication errors (Sanghera et al., 
2006). Furthermore, the addition of clinical pharmacist 
services in the care of inpatients generally results in 
improved care, with no evidence of harm (Kaboli et al., 
2006). However, a report from the American Institute of 
Medicine, Preventing medication errors: quality chasm 
series, which set out a blueprint to improve medication 
safety (IOM, 2006), made it clear that healthcare 
providers have many opportunities to improve. 
 
 
ADEs Studies 
 
ADEs can be classified as preventable or unavoidable, 
and may result from medication errors or adverse drug 
reactions not involving any error (von Laue et al., 2003). 
However, the systematic literature review found the 
proportion of patients with ADEs ranged from 1.6% to 
41.4% of inpatients, with rates ranging from 1.7 to 51.8 
events in 100 admissions (Cano and Rozenfeld, 2009), 
and the median prevalence rate of ADEs in retrospective 
studies was 3.3%, versus 9.65% in prospective ones of 
ambulatory care (Tache et al., 2011). ADEs are obviously 
rather common, and an important issue for research to 
improve patient safety. 

Although research into ADEs started later than that into 
medication errors, there is a clear development  path  of  
 

 
 
 
 
that can be seen in the highly cited papers. This path was 
detection (Classen et al., 1991), analysis (Bates et al., 
1995; Leape et al., 1995), effect (Classen et al., 1997; 
Bates et al., 1997), and prevention (Leape et al., 1999), 
and then from an adult inpatient to pediatric inpatient 
setting (Kaushal et al., 2001), and from hospitalized care 
to ambulatory care (Gurwitz et al., 2003; Gandhi et al., 
2003). Furthermore, research into ADEs in recent years 
has moved to focus on specific medical units, age groups, 
chronic diseases or high alert drugs. It is thus evident that 
ADEs are now seen as a subject that affects all medical 
organizations, medical specialties, medications and 
patients. 

Research on ADEs has covered three main themes, 
with “adverse drug events and prevention” being the most 
important topic. Similarly, research into the prevention of 
ADEs has focused on the interventions of CPOE and 
clinical pharmacists. Many IT-based tactics are available 
to make systemic changes, such as reducing complexity, 
optimizing information processing, and improving 
automation, all of which can be helpful to reducing errors 
and adverse drugs events. However, a review of the 
literature and found that the use of CPOE with clinical 
decision support system contributed to a statistically 
significant decrease in ADEs in five (50.0%) of the 10 
related studies (Wolfstadt et al., 2008), and the 
pharmacists have made a significant contribution as 
manual chart reviewers in inpatient ADEs interventions 
(Phansalkar et al., 2007). It is evident that two interesting 
strategies of prevention, pharmacist participation on ward 
rounds and CPOE with clinical decision support systems, 
are receiving more attention. 
 
 
Medication Errors and ADEs Studies 
 
The drug-related problems include all issues that can 
potentially affect the success of pharmacotherapy in a 
given patient, in particular medication errors, ADEs and 
adverse drug reactions (ADRs) (Nebeker et al., 2004). 
Some scholars (Bates et al., 1995; Nebeker et al., 2004) 
believed that although medication errors may often be 
lead to adverse events, ADEs or ADRs are rarely due to 
medication errors. But some studies (Morimoto et al., 
2004; Kopp et al., 2006) stated that the medication errors 
and potential or preventable ADEs have a close 
relationship. However, Aronson and Ferner (Aronson and 
Ferner, 2005; Ferner and Aronson, 2006; Aronson, 2009) 
showed the relationship between ADEs, ADRs and 
medication errors using a Venn diagram, they do overlap, 
and it is important to understand their relationship with 
each other. Therefore, to further improve the 
evidence-base, more randomized controlled trials are 
needed, especially to cover a wider range of clinical and 
geographic settings. 
 
 



 
 
 
 
Study Limitations 
 
Although offering valuable insights into the amount of 
medication errors and ADEs studies, this research has 
several limitations. First, our data was derived only from 
the WOS, and our search criteria may have been 
incomplete, resulting in many qualified papers not being 
included in the analysis. Second, some articles note 
shortcomings with citation analysis (Greenberg, 2009; 
MacRoberts and MacRoberts, 2010), and these may have 
caused some important articles to be excluded from our 
most highly cited hierarchy. Third, this research used only 
social network analysis visualizations to present 
relationships, and the network structures and relevant 
indicators of different levels were not analyzed. The ability 
of social network analysis to further analyze the 
measurement and modeling of particular structural 
properties, e.g., node-level and graph-level indices (Butts, 
2008). Therefore, future researchers can further employ 
these methods to examine these structures and their 
relation to the intellectual network of this important topic. 
However, we believe that the citation analysis results 
presented in this work can still enable researchers to learn 
more about the history of medication errors and ADEs, 
and hope this method can be used to predict how this new 
field will continue to develop. 
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